The title of this talk is extremely broad. Obviously I cannot pretend to cover the field of renal disease in a single lecture. All I intend is to express a point of view and to suggest an attitude or approach to the subject.
Attention will be directed particularly to those diseases that lead to deterioration of the function of the kidneys accompanied by vascular disorders, especially hypertension. These entities are conventionally divided into two chief categories: those which originate in diseases of the kidney and those in which the primary disorder is arterial. The latter is in turn frequently divided into two classes: those in which there are definite morphological changes in the arteries and those in which hypertension appears without morphological arterial equivalents. There is ample experimental and pathological evidence that hypertension and vascular disease may be produced by renal disorders; there is no comparable body of data to support the concept of primary or essential hypertension and hypertensive vascular disease. What there is would suggest that its causes might be legion. The terms essential and idiopathic, applied to hypertension, are merely declarations of ignorance, labels for the scrap-basket into which are dumped all cases that have hypertension for which no obvious-and particularly no renal-origin can be found. Recognition of this fact would, I think, hasten discovery of the nature and causes of these conditions by promoting inquiry; the attachment of polysyllabic labels has throughout medical history created such mental and spiritual satisfaction that it has tended to stifle curiosity.
I cannot refrain from putting in a plea for more careful study of the natural history of disease. Though it may seem inappropriate to this advanced era, much of our knowledge of renal diseases was acquired through this channel and its potentials are not yet exhausted. I should be the last person to disparage investigations of function; but I believe that on the whole they are likely to contribute more to therapy and prognosis than to pathogenesis and diagnosis. About 1920 the ardor for classification of renal disease by an infinite number of nomenclatures based on every imaginable criterion began to cool down; or at least seemed to many thoughtful persons to have reached such a ridiculous state of futile confusion that they were willing, for lack of more precise knowledge, to accept a broad classification such as I have outlined above, into primary renal and primary arterial disease. The renal group was, however, smaller and the arterial group larger than it is at present, because the former consisted chiefly of glomerulonephritis. That chronic pyelonephritis could produce hypertension was admitted, but was given little weight until the next decade when it suddenly became apparent to a number of clinicians and pathologists, among them Warfield Longcope, Soma Weiss, and ourselves, that the nature of the disease, its course and clinical manifestations and its morphological consequences had not been appreciated, and that it was probably responsible, especially in women, for a large proportion of the hypertension and vascular disorders that had previously been attributed to primary arterial disease, including some toxemias of pregnancy. It was surprising to learn that in the majority of cases this disease, like congenital polycystic kidneys, though obviously originating in the kidneys, manifested itself first in hypertension and its attendant cardiovascular disorders, while obvious renal insufficiency appeared only in the terminal stages. It was also learned that the course of the disease might cover a great many years during which symptoms and signs of urinary infection might be few and trivial. These discoveries, largely a product of astute clinical observation of the course or natural history of the disease, snatched from the scrap-basket of primary vascular disease a large proportion of the cases that had previously been consigned to that repository. It also pointed the way to what I believe might be the most fruitful attack on the incidence of hypertension at this moment, the elimination of chronic pyelonephritis. Twenty years ago this was impossible because there were no effective means of combatting infections of the urinary tract. The introduction of antibiotics has completely changed the potentialities, but practice lags far behind. The most effective antibiotics are not generally carefully selected, mere symptomatic relief is too often accepted as evidence of eradication of infection, and care is not taken to search for and remove features that are conducive to recurrence of infection-incomplete emptying of the bladder and obstructive or irritative conditions in and about the urinary tract. In fact, the introduction of antibiotics seems almost to have enhanced the cavalier spirit that prevailed when there were no effective therapeutic agents. Acute pyelonephritis is regarded as a trivial matter because it can be so readily relieved. Inlying catheters, a fruitful source of chronic pyelonephritis, are inserted for esthetic reasons that may have more than a remote connection with the shortage of nurses.
The incidence of hypertension in relation to age follows a course that is often termed the curve of senescence, a term that becomes less and less acceptable as one's age advances. There is, to be sure, a bump in the teens and early adolescence that marks the major incidence of acute glomerular nephritis, and a gradual upward slope beyond this, indicating further accessions of glomerulonephritis, pyelonephritis, and other conditions that are no respecters of age. In the fifth decade, however, the curve begins to rise with increasing acceleration until depletion of the population finally retards it again. To what extent does the accelerated rise after 40 represent the introduction of a new set of disorders connected with the aging process as the term senescence implies, or to what extent does it represent merely results of past injuries? In other words, does it describe the aging of persons or the aging of disease? Again polycystic kidneys afford an example. Unless infection, pregnancy, or some other complication is superimposed, this condition, though congenital, usually manifests itself in hypertension and its consequences in the fifth decade; renal insufficiency is commonly delayed until the next decade. This and pyelonephritis incurred early in life, but manifested in hypertension only after 40, are not strictly signs of aging of the patient, but of aging of a disease, otherwise age would have to be estimated in terms of propinquity to death. The fact that the statistical incidence of hypertension increases with age is not satisfactory evidence that it is an essential item of the aging process. The statistical correlation of two variables does not ipso facto signify that either one is the cause or effect of the other. Furthermore, if the rise of the curve after 40 is due to the accession of entirely new disorders connected with the aging process, it does not follow that the incidence of disorders previously operative ceases. Nevertheless, so strong is the preconception that hypertension is a part of aging, usually implying primary vascular disease, that it is often taken for granted that hypertension is a natural, though deplorable, event in an elderly patient. The oldest acute glomerulonephritic in our series was nearly 80. There are a few beyond 50 who were consigned to the category of chronic hypertensive vascular disease with nephrosclerosis. Subsequently the signs of disease miraculously disappeared, permitting the diagnosis of acute nephritis to be made in retrospect.
If there is any advantage other than a thirst for precision in making more than a purely descriptive diagnosis, each case must be analyzed with the most open-minded and meticulous care. The difficulty of differentiating chronic pyelonephritis from primary vascular disease has already been mentioned. The clinical distinction between primary vascular disease and glomerulonephritis may be quite as baffling. An Italian, aged 55, was admitted to the hospital with a typical acute glomerulonephritis following a streptococcus sore throat. The disease passed through a nephrotic stage of some duration after which the edema and proteinuria subsided and the blood pressure rose. All symptoms disappeared. The patient was seen at intervals thereafter for 17 years during which he had two elective operations. His heart became slightly enlarged but remained competent. His urine never contained more than a faint trace of albumin, occasional hyaline casts, and white blood cells. His blood NPN remained normal. The diagnoses of benign hypertension or nephrosclerosis were made repeatedly, although there is every reason to believe that his condition was the direct consequence of nephritis. Another patient at the age of 18 had an acute glomerulonephritis from which an early fatal outcome was predicted by the master, Volhardt. Having fled the rigors of a Dutch winter to spend his few remaining days in the more genial climate of Egypt, the patient miraculously improved. He led an active life without limitations until the age of 50, although his blood pressure was always slightly elevated and his urine always contained a small amount of albumin, a few red blood cells, and occasional casts. He died two or three years later with cholelithiasis and common duct obstruction, having meanwhile suffered two coronary occlusions. His blood nonprotein nitrogen remained within normal limits until his terminal illness. Autopsy revealed a characteristic picture of chronic glomerular nephritis. Both of these patients on the basis of symptoms and signs would have been placed in the class of arterial disease had it not been for their stories of earlier overt acute glomerulonephritis. If the disease had begun, as it frequently does, in a more subtle way, and if there had not been frequent examinations during its course in each case to establish its continuity, it would have been difficult, if not impossible, to ascertain the true nature of these maladies.
It is not uncommon to read in a case record a statement to the effect that hypertension must be of primary vascular rather than renal origin because the usual tests reveal no evidence of impairment of the function of the kidneys. These can only be regarded as careless remarks since the authors probably know that the loss of one kidney, provided the other is sound, has no effect on the function of the kidneys that is appreciable by available tests. In fact, renal insufficiency will not become obvious until one-quarter to onehalf of the second kidney has been pared away. The statement in the record should more properly read: probably more than one-fourth of this patient's original kidney substance is intact, since his responses to functional tests are normal.
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Volume 26, December 1953 One of the reactions by which compensation for loss of kidney substance is achieved is hypertrophy of the remaining renal tissue. The kidneys have not the power to regenerate nephrons, but those that remain enlarge. Examination of the size of kidneys is a functional test that is too often neglected. Medical records contain many fatal tragedies when one kidney was removed under the impression that it was useless, without recognition that the presumably sound kidney was not larger, sometimes even smaller, than normal.
Whatever the mechanism of renal hypertension may be, it is not directly related to impairment of the function of the kidneys, but to restriction (not abolition) of the circulation to a certain proportion of the functioning kidney substance. In otherwise normal humans and dogs this proportion appears to be more than 50 per cent. The fact that unilateral injury apparently sometimes provokes hypertension which is relieved by removal of the injured kidney does not warrant generalization. If to produce hypertension, restriction of the circulation to more than one-half of the kidney substance is usually required, the appearance of hypertension with an apparently unilateral lesion may signify that the other kidney is not intact. In some cases in which hypertension has subsided after unilateral nephrectomy there is reason to believe that this was the case, since the blood NPN became permanently elevated after the operation. The lack of correlation between renal insufficiency and hypertension has been illustrated in many ways, of which intra-arterial injection of trypsin is one of the most gruesome and definitive. Injection of appropriate amounts of this material into one renal artery destroys the injected kidney without affecting the opposite organ. In the dog this induces no hypertension nor over-all renal insufficiency, though it does greatly impair the function of the injected kidney. If now a cuff is placed on the artery of the injected kidney, it has no obvious effect. If it is placed on the artery of the sound kidney, the blood pressure rises, but renal function is not disturbed. If, at this point, the injured kidney is removed, hypertension persists, but renal function is preserved. If, however, the sound kidney with constricted artery is removed, the blood pressure falls to normal, but the animal dies of renal insufficiency.
Removal of two-thirds or more of the renal mass produces insufficiency of the kidneys. This manifests itself first, not in increase of the blood NPN or other evidences of retention of waste products, but in polyuria. Impairment of excretory function, i.e., glomerular filtration, can be demonstrated by modern clearance techniques, but this does not prevent the elimination, in the course of the day, of the necessary amount of nitrogenous waste. Polyuria is mentioned as the first symptom of renal insufficiency because it is the most evident fact, evincing itself in obligatory nocturia, diurnal frequency, and increased thirst. It has been rather generally held that the polyuria is a result of the inability to elaborate a concentrated urine. So far as failure to concentrate urine is a natural corollary of polyuria, this is a correct statement of fact; but it does not necessarily follow that the mechanism for reabsorption of water is specifically impaired. It has been demonstrated that the animal with insufficiency of the kidneys will not concentrate urine to the usual extent in response to dehydration or pitressin. Since polyuria is the first symptom of renal insufficiency, the concentration test should be the most delicate criterion of this condition. If conducted with care and consideration, it is extremely valuable; but as it is generally applied it is as likely to be misleading as helpful. It is the usual practice to measure the specific gravity of specimens of urine after obvious fluids have been withheld or restricted for 12 to 24 hours. Under these conditions a normal subject leading a usual life will yield a specific gravity of 1.028 or higher, since there is in his body no large excess of water, but an adequate amount of solutes requiring excretion, particularly urea and sodium chloride which contribute most to the solids of the urine. Patients, on the other hand, may be overhydrated, undernourished, or receiving inadequate diets. The overhydrated subject may not reach a great enough state of dehydration to pass a concentrated urine after only 12 to 24 hours of water restriction. In the presence of edema the test is useless because part of the edema fluid may be excreted in a urine with little salt. To subject a patient on a salt-poor diet to a concentration test is absurd. The malnourished subject may not concentrate because his nitrogen metabolism is greatly reduced or because he is storing so much nitrogen as protein that he has little to waste in the urine. Concentration is also impaired in diabetes insipidus and in profound anemia. Failure to concentrate under any of the conditions that have been mentioned cannot be attributed to renal insufficiency. A high urinary specific gravity when the urine does not contain peculiar solutes such as sugars, cystine, or diodrast, is strong evidence against renal insufficiency; failure to concentrate under the stress of the usual procedures is a far less reliable evidence for renal insufficiency. In the presence of nitrogen retention the concentration test is contraindicated even if it is not supererogatory.
The polyuria of renal insufficiency is the earliest and simplest sign that the conservative powers of the kidney have broken down. As reabsorption of water becomes inadequate, reabsorption of sodium chloride becomes impaired and gradually most of the other reabsorptive and secretory activities of the kidney tubules by which the normal composition of the internal environment is maintained, among them the ability to excrete ammonia and to vary pH of the urine, suffer. Too much attention has been paid to the excretory offices of the kidney to the neglect of its conservative services. There is not time to discuss these in detail. Disorders of the kidney in disease must, however, be examined in the frame of modern renal physiology.
Renal insufficiency of even an advanced grade may be unaccompanied by nitrogen retention; but the subject with insufficient kidneys is more prone than the normal individual to develop nitrogen retention which may ultimately become an irreparable feature of the condition. There is no reason to believe that high blood urea or NPN is harmful; it can be regarded as an effective means to increase the excretion of nitrogenous waste products in the face of an inadequate filtering mechanism. It does, however, serve as a useful symbol or signal. One of Volhardt's most valuable contributions was the distinction between renal insufficiency and renal decompensation. As the criterion of insufficiency he chose the failure to concentrate urine, because it occurs when the quantity of actively functioning renal tissue is reduced below a necessary minimum; as the criterion of decompensation he selected elevation of blood urea or NPN. Kidneys that are actually or potentially normal may fail to excrete sufficient urea to keep the NPN from rising: if the quantity of urea offered for excretion is too great, if the fluid available for its excretion is too small, if the circulation of the kidneys is inadequate, or if there is any combination of these disadvantageous conditions. Patients with extreme dehydration and shock from gastro-intestinal disorders may have blood NPN's as high as any that may be encountered in the terminal stages of renal disease, but these will drop to normal as soon as adequate hydration and salt repletion are established. A patient with pneumonia or other disease that accelerates destruction of protein, given insufficient fluids, will have nitrogen retention. Cardiac failure impairs the excretory functions of the kidneys; shock has a more profound effect, even if it does not precipitate acute renal failure-lower nephron nephrosis. These are examples of renal decompensation without renal insufficiency, states in which the kidneys, though possessed of normal faculties, cannot exercise them to the best effect because they are working at a disadvantage. Decompensation must be distinguished from true renal disease with insufficiency so that its causes may be discovered and corrected. These same extrarenal disorders are operative in patients with renal insufficiency. It is of the utmost importance to ascertain the relative effects of each. Little can be done for renal insufficiency because destroyed renal substance cannot be replaced; but it may be possible to correct renal decompensation, thus enabling the remaining renal substance to work more efficiently.
The term uremia and the concept it embodies imply the accumulation in the blood of products that belong in the urine. Though retention products may be the ultimate cause of death in anuria, it is doubtful whether any specific poisons are responsible for the ultimate dissolution. The multitudinous symptoms and signs covered by the term uremia in renal disease have little in common with those of anuria which, aside from the emotional stress, especially to the observers, are relatively undramatic. A large proportion of the phenomena termed uremic are, as Volhardt and Foster pointed out almost 40 years ago, vascular in origin, consequences of hypertension, arterial disease, and heart failure. Others are results, not of retention of waste products, but of failure of the conservative functions of the kidneys. If their true nature were more frequently analyzed in detail and corrective measures instituted for each, therapy would be greatly advanced. The term uremia has a defeatist ring that fosters complacency or routine procedures rather than thoughtful action.
I shall close with a description of the natural history of glomerular nephritis arising from streptococcal infections. It is highly probable that there are other types of nephritis. In the Civil War, the Franco-Prussian War, and the First World War, nephritis assumed epidemic proportions in certain areas. In 1918, for example, in a 1,000-patient Base Hospital in France, receiving from the Somme front, more than 200 cases of trench nephritis were seen within six months. Among these were frequently repeated syndromes of a bizarre nature, of which similar sporadic instances have subsequently been encountered in civil life that differed strikingly from the conventional picture of glomerular nephritis arising from streptococcal infections. Unfortunately, neither the British nor the American Military Forces were willing to undertake or even to facilitate an investigation of the condition because they felt that it was not a major cause of morbidity or mortality.
Scarlatinal nephritis will be selected as the central text because it has such a venerable history, but reference will be made to other streptococcal infections for comparison. The usual story is that the patient, having recovered from scarlet fever, two to four weeks after its onset develops hematuria, albuminuria, edema, hypertension, or any one or more of these disorders. This appears to be a somewhat inaccurate description of the sequence. If the patient is carefully scrutinized at the onset of the nephritis, evidences of a deep-seated streptococcal infection can be found: peritonsillar abscess, cervical lymphadenitis, otitis media, unresolved pneumonia, em-186 Volume 26, Decetnber 1953 pyema, etc. The sequence suggests that the subject, having become sensitized by the initial infection, responds with a nephritic reaction if infection by the same organism persists or recurs at the proper interval. Presumably this is not a reaction to the toxin because it occurs at a time when there is an excess of antitoxin in circulation. Lyttle found that two to four weeks after the onset of scarlet fever the Addis counts increased sharply in the urine of the majority of patients. Wyckoff detected a similar reaction after streptococcal sore throats without rash. These observations suggest that streptococcus infections provoke some reaction in the kidneys which, if infection persists when they occur, are exaggerated to a glomerular nephritis. Certain streptococci appear to be more prone than others to provoke such reactions and certain individuals appear to be more susceptible than others to these reactions. Oddly, males are more susceptible than females. In most series of acute nephritics the ratio of males to females varies from 2 to 3: 1.
The incidence of nephritis as a result of streptococcal infections is hard to estimate because of the long interval between the initial disease and this sequel and because the acute manifestations may be so trivial. Reports of carefully observed epidemics of scarlet fever in institutions indicate that it may vary from 0.1 to 10 or even 20 per cent. This relatively low incidence makes a study of the epidemiology of acute nephritis in the general population difficult.
The great majority, 90 per cent or more, of patients who incur the disease recover completely. It follows that the characteristic lesions of the disease in its acute phase must be completely reparable, not the deeply destructive or heavily productive lesions that were described in the pathological textbooks of the past.
The outcome of acute nephritis bears little relation to the severity of its onset. The attack that begins with extreme hypertension, oliguria, heart failure, massive edema, and convulsions may subside completely and quite rapidly; one that opens with only microscopic hematuria and equivocal hypertension may progress to a fatal termination in a few months. This appears to be an adequate explanation of the fact that the origin of such a large proportion of cases of glomerular nephritis is obscure. Longcope, Ellis, and others have proposed that there are two types of nephritis: one that follows the pattern that has been described, the other cryptogenic. The strongest argument against this view is that the onset of a cryptogenic nephritis has not been observed. When glomerular nephritis begins in a patient under observation, its onset follows the characteristic pattern. Since cryptogenic nephritis (in the sense that a distinct origin cannot be traced) makes up a large proportion of the clinical nephritis that is seen, it should surely occur occasionally in the patient population of a large hospital. There is some evidence to suggest that the duration and outcome of glomerular nephritis may depend on the persistence of the etiological agency, but this has not been clearly established.
Complete recovery from an attack of acute streptococcal glomerulonephritis appears to confer upon an individual an immunity to further nephritic reactions. A second attack of authentic glomerulonephritis is extremely rare. The individual does not develop any immunity to streptococcal infections, but only to the nephritic reaction. For example, one patient in our series with a peritonsillar abscess, preceded at the proper interval by a streptococcal sore throat, had a sharp, but short, attack of nephritis with gross hematuria, edema, and hypertension. Six weeks after the onset of this attack, when all signs of the disease had disappeared, he had another streptococcal sore throat followed at the proper interval by another peritonsillar abscess, but no hypertension or urinary abnormality. The frequent repetition of such sequences in large series of cases like Lyttle's, Seegal's, Loeb's, Longcope's, and our own, take on added significance when contrasted with the fact that if a nephritis does not clear up, subsequent streptococcal infections usually provoke exacerbations and progression of the disease. It is possible, of course, that the failure to react to the second infection is due to the fact that the second streptococcal agent was less nephrotoxic than the first; but second attacks of acute nephritis are so rare that this explanation seems hardly adequate.
There is not time to trace the variegated progress of the disease, but one of the steps in this progress deserves comment. A proportion of cases passes into a state termed nephrotic, characterized by edema, profuse proteinuria, hypo-albuminemia, and hyperlipemia, but without hypertension, hematuria, or evidences of renal insufficiency. Some of these patients recover completely as a larger number recover from the acute stage of the disease, proving that the essential lesion of the nephrotic syndrome is also reparable. The frequency with which this syndrome occurs in the course of glomerulonephritis, especially in children, identifies it as a stage in this disease. Because the syndrome frequently appears without recognizable nephritic antecedents, however, many have concluded that there is a separate entity, "idiopathic" or "lipoid" nephrosis. (In this connection amyloid disease and nephrotic syndromes arising from infiltrations of the kidney of various kinds are excluded from consideration.) The course of the cryptogenic disease cannot be distinguished from that of the nephrotic stage of glomerular nephritis. The strongest argument against the concept of idio-pathic nephrosis is the one used against the concept of cryptogenic nephritis. Though the nephrotic syndrome is not extremely uncommon, especially in children, when the disease has been seen at its inception, it has invariably originated from glomerular nephritis.
Its natural history seems to identify glomerular nephritis with the reactive or, in a broad sense, allergic disorders. The pattern of the reaction is peculiar and quite specific. Its delineation has been the work chiefly of John Lyttle, the Loebs, the Seegals, and Longcope. We hope we have contributed our mite. That a typical glomerulonephritic syndrome can be produced in some persons by foods and other antigens has been demonstrated. There are, in our records, a few such cases. Nephrogenic nephritis, the result of a sensitization reaction, though it is initiated by administration of antigen for only a short time, progresses thereafter to a fatal termination as may glomerular nephritis.
To describe the contrast between the glomerulonephritic reaction and that of rheumatic fever-another probable reaction to streptococci-would require a separate lecture. The Seegals, Loebs, and their associates have published an excellent comparison. In spite of their differences the two reactions are not mutually exclusive. There is evidence that the frequency of both hypertension and glomerulonephritis is unduly large in patients with rheumatic fever. At least caution should be exercised in attributing albuminuria and hematuria in this disease to fever and heart failure, as is frequently done.
If recovery from acute glomerulonephritis confers an immunity to the nephritic reaction, it should protect persons against other disorders that arise from a similar reaction. The life history of patients who have recovered from acute nephritis should be highly informative. For example, toxemia of pregnancy is in its manifestations highly analogous to acute nephritis. If a patient has active nephritis, pregnancy will provoke an exacerbation of the condition. Will complete recovery from acute nephritis protect women from pregnancy toxemias? To obtain the answer to this question will require the careful accumulation of an enormous amount of material, particularly because the weaker sex is less susceptible to glomerulonephritis. From a small amount of material of my own collected over 25 years it seems to be possible to say that the woman who has recovered from acute nephritis has no enhanced susceptibility to toxemias of pregnancy. One of my patients at the last report had had seven pregnancies without complications and blood pressure and urine were still normal.
I should like to state again that this was not intended as a comprehensive discussion of renal disorders, but of certain points of view that seem to me of value in approaching the analysis of these disorders. Emphasis has naturally been placed on those general aspects of these disorders that appear to me to be given too little weight in this era of direct measurements. Such measurements are of the greatest value for the control of therapy and for prognosis, but should be used with thoughtful discrimination. I wish to reiterate that streptococcal nephritis is probably not the only kind of acute nephritis. It was discussed at length as an example of an approach to the study of disease which might throw light on the nature of some of the other renal and vascular disorders and their relations to one another.
Because this lecture was intended less as an exposition of facts than a brief presentation of an approach to the discovery of fact, it has been impossible to qualify or document all the statements. For the same reasons no bibliography is appended.
